SUMMARY: Two series of adapted phages were compared: the first consisted of phage preparations belonging to three different antigenic groups, the second series was antigenically homogeneous. The two typing schemes based on these phage preparations yielded entirely different groupings of the Salmonella typhimurium strains examined. Nevertheless, by each of the schemes it was possible to identify those strains which were related epidemiologically. These findings are compared with those obtained with Lilleengen's series of selected anti-0 phages, which are employed in Sweden. The place of phage typing in epidemiological and epizootiological investigations is discussed. It is concluded that it is unnecessary to attempt international standardization of the phage typing of S. typhimurium or of any other Salmonella species which cause food poisoning in man.
are preferable for work with S. typhi phages. S. typhimurium phages behave in the same way as those of S . paratyphi-B. The reason for this puzzling difference between members of the Salmonella group is unknown, but the finding is of considerable practical importance.
The tryptic digest of meat should be made from not less than 500 g. fresh meat/l. and should always be prepared in large batches. Each successive batch should be compared with the previous one by parallel tests of selected strains and phage preparations, and unsatisfactory batches should be rejected. The far-reaching effects which the quality of the agar medium may have on the size of the plaques produced have been emphasized in previous papers (Craigie & Felix, 1947; Felix & Anderson, 1951) . Commercial peptone should not be added since it does not improve a good meat-digest as a medium for the particular purpose under discussion.
Temperature of incubation and reading of tests. The plates were incubated a t 38.5", in preference to the customary incubation a t 37.5". The first reading was taken after incubation for 44 hr. and a second reading after incubation for a further 34 hr. Thirty minutes were always allowed for warming up the plates, i.e. the first 30 min. were not counted. There is very little difference between readings taken after interrupted or non-interrupted incubation for 8 hr. Readings taken after longer periods of incubation are less satisfactory because of the heavy secondary growth of resistant organisms.
Neutralization tests. The technique used was that previously employed in experiments with Salmonella paratyphi-B phages (Felix & Callow, 1951 ) and with S. typhi phages (Anderson & Felix, 1953) . The titre was arbitrarily fixed as being the dilution of serum which neutralized approximately 90% of the homologous phage particles. Great importance was attached to the inclusion in the tests of pre-immunization samples of serum from each individual rabbit, to serve as controls of the corresponding post-immunization sera.
During the early part of this investigation the phagelserum mixtures were incubated a t 38.5" for 3 hr. and then kept in the refrigerator overnight at + 2".
Afterwards it Ras found that neutralization was equally effective when the phage/serum mixtures were stored in the refrigerator for 16-20 hr. at +2" without having been incubated at all. This procedure proved particularly useful in experiments with low-titre preparations of natural phages. These could thus be employed in the neutralization test without having been completely sterilized, a task that is often difficult to accomplish with these phages.
RESULTS
The Felix & Callow typing scheme for Salmonella typhimurium Felix & Callow (1943) found that Salmonella typhimurium was not lysed by any of the four paratyphoid-B typing phages known a t that time, but that it was sensitive to its own, apparently specific, phages. The first typing scheme 
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for S . parutyphi-B, described in Table 1 in their 1943 paper, also showed the lytic reactions produced by the first typing phage of S . typhimurium which had been grown from a specimen of faeces of a patient suffering from food poisoning. This phage was found to act selectively on the strain of S . typhimurium isolated from the same faecal specimen. Many strains of Salmonella typhimurium isolated from different outbreaks of food poisoning were examined with a view to adapting the first specific S . typhimurium phage. In a few instances adapted phage preparations were obtained, which possessed properties similar to those of adapted typhoid Vi phages (Craigie & Yen, 1938a, b) . However, in many other instances all attempts at adaptation of the first specific S . typhimurium phage failed.
On the other hand, it was found that phage 8b of Salmonella paratyphi-B often produced isolated plaques on strains of S. typhirnurium and that these yielded phage preparations adapted to some of the strains refractory to the original specific S . typhimurium phage. Other phage preparations which showed selective lytic action were added to the set of typing phages and a typing scheme shown in Table 1 was thus evolved. The arrangement of the types shown in Table 1 is that evolved in the course of the routine application of the typing phages as they became available. The twelve types and the corresponding typing phages are grouped in four groups. Group I1 contains the first type referred to above (Felix & Callow, 1943) . The specific phage which in 1943 was labelled phage 1 is now designated as phage 2. The phage preparations 2a and 2c are adaptations of phage 2. Phages 2b and 2d are descendants of a phage carried by a rough culture of Salmonella enteritidis. The three typing phages in group I (phages 1, l a and Ib) are adaptations of phage 3b of S . paratyphi-B. The origin of the remaining four phages will be discussed later in connexion with their antigenic properties as revealed by cross-neutralizat ion tests.
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The specificity of the adapted typing phages of Salmonella paratyphi-B and S. typhimurium at first appeared to be as great as that of the typhoid Vi phages. The term 'specific Vi phages' was, therefore, employed in eaklier papers (Felix & Callow, 1943 , 1951 Felix, 1951) on the assumption that these phages acted on the labile Vi antigen which S. paratyphi-B shares with S . typhimurium, i.e. the BVi antigen which is identical with 0-factor V (five) of the KauffmannWhite scheme. However, it was later found that all the paratyphoid-B and S. typhimurium typing phages also lysed strains of S . gallinarum and S . pullorurn, organisms which do not contain the BVi antigen. The erroneous designation ' BVi' phages was therefore discontinued (Felix, 1953b) . The same conclusion regarding the paratyphoid-B typing phages was reached independently and almost simultaneously by Cherry, Davis & Edwards (1953) and by Sicca & D'Amelio (1953) . The phenomenon of phage adaptability is evidently not restricted to the special typhoid Vi phages in which it was first observed by Craigie & Yen ( 1 9 3 8~) but is one of much wider application (e.g. Luria & Human, 1952; Bertani & Weigle, 1953; Ralston & Krueger, 1954) . On the other hand, it is obvious that these findings about adapted phages of S . paratyphi-B and s. typhimurium have nothing to do with the question whether the labile somatic antigen common to these two organisms should be designated as a Vi antigen (Felix, 1952a, b) or as a K antigen (Kauffmann, 1954) .
Constancy of Salmonella typhimurium phage types and their epidemiological significance
Although the typing scheme shown in Table 1 was evolved in an empirical manner, it was nevertheless found that the constancy and epidemiological significance of the types so defined were of the same high order as those of typhoid and paratyphoid-B phage types. Many outbreaks of food-poisoning in Great Britain were investigated during the past ten years by this technique, and the usefulness and reliability of the method were established beyond doubt. A few of these outbreaks have been described in detail in published reports; the relevant data are summarized in Table 2 . The designation 'group 11' was originally employed for strains which subsequently were assigned to one of the five phage types of group I1 (see paper by Blaxland & Blowers, 1951, listed in Table 2) .
A striking example of the stability of the phage types determined by the scheme shown in Table 1 was recently provided during the examination of a number of non-motile 0 variants of Salmonella typhimurium and S. paratyphi-B, which were employed by Stocker, Zinder & Lederberg (1953) in experiments on the transduction of H antigens. Identical patterns of lytic reactions were recorded in 1953 with cultures of two S . typhirnurium strains which had been kept since 1929 in the National Collection of Type Cultures (in dried form since 1939) and with cultures which had been in continuous use and had been subcultured very many times during the intervening years. Antigenic properties of the twelve typing phages As a preliminary to the intended international standardization of the typing procedure, the twelve typing phage preparations were examined for their antigenic properties. The results of numerous cross-neutralization tests, carried out with a representative series of antiphage sera, are summarized in Table 3 . This shows that cross-neutralization tests subdivided the twelve typing phages into three serological groups and that these groups did not coincide with those Table 1 . The three phages in serological group 2 showed complete cross-neutralization, as was to be expected because of their common origin; so also did phages 1, l a and 1b. However, the remaining five typing phages in serological group 1 did not behave according to expectation. If phages 3, 3a and 3b were genuine adaptations of phage 2a, as they were presumed to be in view of the procedure followed in their preparation, they should have been serologically identical with their parent phage 2a. Similarly, the fact that phages 2b and 2d belonged to group 1 was also difficult to reconcile with their antecedents. Thus the position was similar to that previously met in work on the adapted typing phages of Salmonella paratyphi-B (Felix & Callow, 1951) and the same alternative explanations offered themselves, namely :
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( a ) The apparently anomalous serological reactions obtained with phages 3, 3a and 3b might have been due to contamination at some stage during the isolation and propagation of these phages. I n spite of meticulous observance of the necessary precautions it is impossible to exclude with certainty airborne contamination in a laboratory where bacteriophage preparations are being handled, or the possibility of one of the bacterial strains having had contact with a particular phage before the culture reached the laboratory.
( b ) The observed change in the serological properties of phage 2a, from which phages 3, 3a and 3b were derived, might represent another instance of antigenic variation occurring in a bacteriophage during its adaptation to a bacterial cell of a different phage type. It was stated in a previous paper that since it was well established that adaptation led to variation in lytic activity of the phage particle, there was no reason for rejecting a priori the possibility of variation in its antigenic constitution. This view certainly appears to be much less unorthodox now than it was a t the time it was first put forward in connexion with the study of adapted phages of Salmonella paratyphi-B (Felix & Callow, 1951) . Recent work of Scholtens (1952 Scholtens ( , 1955a , b ) on S . paratyphi-B phages generated in mixed cultures of different phage types lends strong support to the thesis of antigenic variation in bacteriophage as part of the phenomenon of phage adaptation. Whether the phenomenon is adequately described as recombination of genetic elements of the bacterial cell (Scholtens, 1952) need not be discussed here.
Experiments with a different set of adapted typing phages
In view of the antigenic heterogeneity of the Salmonella typhimurium phages hitherto employed, an attempt was made to replace the set of typing phages by one conforming strictly to the rule followed in the typing of S . typhi, namely, that all the phage preparations should be derived by adaptation from one strain of bacteriophage and that all should be neutralized by antiserum prepared from that phage (Craigie & Felix, 1947) .
The original specific Salmonella typhimurium phage (phage 2, no. SSS/SSS) could not be used for this purpose because it was known from earlier work that it was impossible to adapt that phage to strains belonging to types 1, l a and lb, all of which are common in Great Britain and therefore of practical importance. ( a ) Eight of the twelve phages of the old series were known to be serologically identical with phage 3b of Salmonellaparatyphi-B (see Table 3 ). The first three phages of this series had been derived from phage 3b of S. paratyphi-B by the customary technique and were therefore to be accepted as genuine adaptations of that phage.
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( b ) Since it was known that every strain of Salmonella typhimurium is lysogenic (Boyd, 1950 ; Callow, to be published), it was important to ascertain that the phage chosen for adaptation did not occur, or occurred only very rarely, as a natural phage of strains of S . typhimurium. Otherwise, adaptation to these strains would not take place because of insusceptibility due to the presence in the bacterial cell of the identical natural phage. Phage 3b of S. paratyphi-B is the most common natural phage of strains of S. paratyphi-B (Felix & Callow, 1951; Scholtens, 1952 Scholtens, , 1955a but, fortunately, it does not seem to occur at all among the natural phages of S. typhimurium. Extensive investigations of the natural phages of strains of S . typhimurium, representing all the known phage types and subtypes of this organism, were carried out by Miss B. R. Callow and will be reported by her elsewhere.
It was known from observations made in the course of routine typing that most of the types listed in Table 1 could be further subdivided according to variations in the pattern of the lytic reactions displayed by certain strains, or groups of strains, isolated from different foci of infection. The different patterns of reaction to the typing phages were often correlated with the presence in the culture of one, two or more different natural phages, in the same way as was shown in earlier work on Salmonella paratyphi-B (Nicolle, Hamon & Edlinger, 1951; Scholtens, 1950 Scholtens, , 1952 Felix & Callow, 1951) . I n other instances differences in the content of the cultures of certain natural phages were observed, but these were not reflected by the pattern of reactions to the typing phages. On the basis of these two criteria more than forty types and subtypes of S. typhimurium could be distinguished (Callow, to be published), and of these twenty-three were selected for the comparative tests shown in Tables 4, 5A and 5B. The typing phages listed in Table 4 are identical with those used throughout the work described in the preceding sections of this paper. Table 4 thus represents an extended version of the original typing scheme shown in Table 1 , enlarged to include a number of additional types or subtypes and to give the particulars necessary for the specification of the type strains and typing phages.
The second set of typing phages listed in Tables 5A and 5B consisted only of genuine adaptations of phage 3b of Salmonella paratyphi-B, all of which were fully neutralized by antisera prepared against that phage. The three old series phages 1, l a and l b were accepted for the second series, since they conformed to the criteria originally formulated. The remaining eight phage preparations were adaptations of phage 3b of S . paratyphi-B to the type cultures of selected types or subtypes of S . typhimurium. Some of the adapted phages were 
derived directly from the original phage 3b of S. paratyphi-B, others from one of its well-authenticated descendants. The preparation, purification and testing of these adapted phages is a difficult and time-consuming process, the details of which will be described elsewhere by Miss B. R. Callow. A comparison of Tables 4 and 5A shows that the additional eight adapted phages of the second series produced lytic reactions which cut across the groups established by means of the first series of phages. Particular interest attaches to the differences in the lytic spectra of those phages which had been adapted to, and propagated on, the same type culture. There were four such pairs of phage preparations in the two series. Only one of these pairs, i.e. the two phages adapted to strain 298, showed identical lytic spectra, and in this case both phages belonged to the same serological group (group 1). The other three pairs of phage preparations, i.e. those adapted to the type cultures 668, 154 and 1272, showed widely differing lytic spectra. This was not surprising in the case of the two pairs of phages numbered 668 and 154 belonging to two different serological groups (groups 1 and 2) . On the other hand, the striking difference in the range of lytic activity of the two phages adapted to strain 1272 came as something of a surprise, since both gave the clear-cut reactions of serological group 1. Table 5A also shows that five of the type strains that were readily typed by means of the first series of phages were resistant to all the phages in the second series and thus remained 'untypable'. By arranging the type strains and typing phages of the second series in a different order, as listed in Table 5B , an alternative grouping of the selected twenty-three phage types and subtypes was obtained. This grouping was totally different from that shown in Table 4 . Nevertheless, strains which were related epidemiologically could be identified as such, whether they were tested against the first series of typing phages or against the second. That is to say, both typing schemes gave results that were in accord with the known epidemiological data.
DISCUSSION
In a previous paper (Felix, 1951) it was stated that the typing of strains of Salmonella typhimurium according to the scheme described by Lilleengen (1947 Lilleengen ( , 1948 is not of the same epidemiological significance as that of typing with the adapted phages employed by Felix & Callow. This conclusion was reached on the basis of comparative tests carried out in 1948 in collaboration with Professor Lilleengen during his visit to the writer's laboratory at Colindale. By means of Lilleengen's set of twelve typing phages, which were designated as anti-0 phages because they lysed many diverse SaZmoneZla species, strains of S . typhimurium were divided into twenty-four different types. However, this grouping and that according to the Felix & Callow scheme cut across one another. Since experience of the latter technique had shown that the typing results invariably agreed with the epidemiological findings, the conclusion appeared to be logical that the entirely dif-ferent grouping of the strains resulting from tests with Lilleengen's phages could not Phage typing in epidemiology of S. typhimurium 21 9 be of the same significance. This conclusion is now shown to have been premature.
The present paper shows that it is possible to identify strains isolated from the same focus of infection by means of two different series of adapted phages which possess different lytic spectra and yield entirely different groupings of the strains, Furthermore, the specifically adapted Salmonella typhimurium phages used by Felix & Callow are now known to be 0 phages, like those of Lilleengen's series which had been collected in a more random fashion.
Recent work on 'auxiliary ' typing of Salmonella typhi and S . paratyphi-B has provided other examples of the successful application as typing phages of preparations derived from natural phages which had not been subjected to any elaborate process of adaptation (Nicolle, Pavlatou & Diverneau, 1953 , 1954 Nicolle & Diverneau, 1955; Nicolle, Hamon & Edlinger, 1953; Scholtens, 1950 Scholtens, , 1952 Scholtens, , 1955a . These findings are in keeping with the view that the multiplicity of phage-systems applicable to any bacterial species is correlated with the multiplicity of enzyme-systems at work in that species (Felix, 1949 (Felix, , 1953a . The facts established in connexion with the work on the natural phages of the various Salmonella species are considered to provide additional evidence in favour of the writer's view that bacteriophages are part of the genetic make-up of the bacterium, not parasites of extrinsic origin as postulated for animal viruses. A similar conclusion was arrived at by Scholtens (1952 Scholtens ( , 1955b 
c).
It has long been recognized that the practical value of the bacteriophage typingof Salmonella typhimurium is not as great as that of typhoid or paratyphoid-B phage typing (Felix, 1951) . Chronic carriers of S . typhimurium are extremely rare and play a negligible role in the spread of the infection, and it is in the detection of the chronic carrier that the bacteriophage technique renders the greatest service. One of the main functions of a phage-typing centre, where strains of S . typhi or S . paratyphi-B are being examined, is to maintain a register of cases and carriers, arranged according to the phage type of the bacteria with which each of the patients had been, or is, infected. It is not feasible to use similar information in the laboratory control of S. typhimurium infections, since these occur not only in man but in many domestic animals, including mice and rats, which serve as reservoirs of the infection. For this reason the typing of S. typhimurium strains has not been adopted as a routine in every outbreak or sporadic case, as it has been in cases of typhoid and paratyphoid-B fever. Evidently, the spending of time and effort on such routine examination would be unwarranted.
On the other hand, circumstances may arise in the course of the investigation of an outbreak of Salmonella typhimurium infection in man or in animals which compel the epidemiologist or epizootiologist, to seek guidance, or final confirmation of his findings, from the phage typing of the cultures isolated from patients, foodstuffs, flocks of poultry or animals, etc. When a careful investigation is conducted and its successful conclusion is considered to depend on the application of the phage-typing method, an adequate number of cultures should be examined. All that is needed in such cases is to establish identity or non-A . Felix identity of the cultures under examination. It is clear that this may be readily accomplished by means of a suitable set of phage preparations without following an internationally agreed standard procedure.
The usefulness in certain circumstances of the phage typing of Salmonella typhimurium is exemplified by the published reports of a number of field investigations conducted in Great Britain during 1944-54 (see Table 2 ). I n Sweden, where an outbreak of food poisoning involving many thousands of persons occurred in 1953, typing with Lilleengen's phages has been employed for the past few years a t the Royal Veterinary College, Stockholm (Lilleengen, personal communication) and at the State Bacteriological Laboratory, Stockholm (Lundback, personal communication). According to these workers the results obtained have greatly facilitated the follow-up of the very large outbreak in 1953 and also the investigation of a number of small outbreaks.
The adapted phages of the first and second series employed by Felix & Callow have an important advantage over Lilleengen's less specific phage preparations. The latter give reliable results only in test dilutions which have to be determined, and often re-adjusted, with utmost accuracy. Lilleengen found it necessary to resort to titration of his phage preparations in seven dilutions intermediate between the ten-fold stock dilutions (Lilleengen, 1948, The types and subtypes described in this paper represent strains isolated in Great Britain. Their frequency distribution, and the proportion of indigenous strains which are 'untypable', are unknown, because there are no adequate data about the incidence of Salmonella typhimurium infection in man or in domestic animals. When a small number of S . typhimurium strains isolated in the Suez Canal Zone in 1953 was received for typing (from Colonel M. H. P.
Sayers, Fayid) several of the strains were found to represent further types or subtypes, and others were untypable by the first series of typing phages. This indicates the very great number of different phage types and subtypes of S . typhimurium which exist in various parts of the world. Since the three different typing schemes discussed in this paper all give results which are valid from the epidemiological point of view, any of these schemes may serve as the starting-point from which an extended scheme may be developed to meet local needs. Contrary to the original plan (Craigie & Felix, 1947; Felix, 1953 b ) it is, therefore, now considered unnecessary to attempt international standardization of the phage typing of S . typhimurium or of any other Salmonella species causing food poisoning in man (Felix, 1955 
